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The Dual-Mode Control Technology Study of a Multi-Coil Electro-
Mechanical Converter Based on Bacterial Foraging Algorithm
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Abstract In order to improve the response performance of electro-mechanical converter (EMC), a novel 
EMC device with triple coils was investigated in this paper. Mathematical model of the proposed EMC was 

rstly established. By applying the Bacterial Foraging Algorithm, an optimal solution for the model can be 
obtained. Adual-mode controller with Bang-Bang & proportional-integral was designed based on the proposed 
method. Analytical and simulated results showed that, response time of the triple coil EMC driven by dual-
mode controller can be reduced from 8.5 ms to 2.5 ms. In comparison with conventional single coil EMC, the 
ringing and overshoot can be controlled within 5%. 

Keywords electro-mechanical converter; multi-coil; Bacterial Foraging Algorithm; time optimal control; 
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Fig. 1 Schematic of the proposed EMC
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Fig. 2 Control principle of EMC
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Fig. 3 Two different bobbins of EMC
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Fig. 4 A dual-mode control ow chart of EMC
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Fig. 5 Flowchart of improved chemotaxis process
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Table 1 Parameters of EMC
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Fig. 6 Response of triple coil EMC at step input of 1 mm

  
 0.2 mm 0.3 mm 2.0 mm 

 0  7 

  
-  0  1 mm 

 5 N 
 1

   8 

 PI 
 PI  Matlab  PID Tuner 

 10%  
2.5 ms  1 mm 

 8 ms  5% 

 
4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

00.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
x0  (mm)

 (m
s)

12 V 
12 V 
12 V 

 7 

Fig. 7 Curves of displacement to excitation
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Fig. 8 Response of two different EMCs at step input of 1 mm
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